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Perceivedd health of adults 
afterr  prenatal exposure to famine 

Tessaa J. Roseboom, Jan H.P. van der Meulen, Anita CJ. Ravelli, 

Clivee Osmond, David J.P. Barker, Otto P. Bleker 

AdaptationsAdaptations that enable the undernourished fetus to sustain growth 

cancan nevertheless have adverse long-term consequences. 

submittedd for publication 



Summary y 

Objective:Objective: To assess the effect of prenatal exposure to the Dutch famine on 

perceivedd health of 50 year-old men and women. 

Methods:Methods: We measured self-rated health among singletons born alive between 

Novemberr 1943 and February 1947 for whom we had detailed birth records. 

Results:Results: People who had been exposed to famine in early gestation, but not 

thosee exposed in mid or late gestation, more often rated their health as poor 

(10.3%% compared to 4.9% in the unexposed, OR 2.2 (95% confidence interval 

1.00 to 4.8)). The effect of exposure to famine in early gestation on perceived 

healthh could only partly be explained by an increased prevalence of coronary 

heartt disease, respiratory diseases, hypertension, diabetes, hyper-

cholesterolaemiaa or cancer (adjusted OR 2.2 (95% confidence interval 0.9 to 

5.2)).. Adjustment for adult risk factors (BMI, LDL/HD L cholesterol ratio, 

bloodd pressure, smoking) also attenuated the results to some extent (adjusted 

ORR 2.0 (95% confidence interval 0.7 to 5.7)). Those exposed to famine in early 

gestationn experienced more pain, and — though not statistically significant — 

theyy tended to have the highest scores on the majority of dimensions of the 

COOP/WONCAA charts, which might suggest a poorer quality of life. Those 

whosee mothers were light at the end of pregnancy more often rated their 

healthh as poor. The effect of exposure to famine in early gestation was 

independentt of the mothers' weight. 

Conclusion:Conclusion: People who were exposed to famine in early gestation were not only 

lesss healthy in terms of objective measures of health but they also felt less 

healthy.. Because poor perceived health is a strong predictor of mortality, we 

mightt expect increased mortality in people who were exposed to famine in 

earlyy gestation in the future. 
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Introductio n n 

Manyy diseases in adult life are thought to originate in die womb. 1 The fetal 

originss hypodiesis proposes that an adverse environment in utero permanently 

changess the physiology, metabolism and organ structure of the developing 

fetus,, and thereby initiates disease in later life. Follow-up of people whose 

motherss were pregnant around the time of the Dutch famine, a period of 

extremee food shortage in the west of the Netherlands that occurred during the 

lastt 5 -6 months of the Second World War, has shown that prenatal exposure 

too maternal starvation has lasting effects on health in adult life. The effects of 

prenatall  exposure to famine, however, depend upon its timing during 

gestation.. People exposed to the famine during late or mid gestation had a 

reducedd glucose tolerance at adult age 2, whereas people who had been 

exposedd to the famine in early gestation were more obese 3, had a more 

atherogenicc lipid profile 4, reduced plasma factor VI I concentrations 5, and 

possiblyy a higher prevalence of coronary heart disease. 6 In addition, people 

exposedd to famine in mid gestation had a higher prevalence of obstructive 

airwayss disease. 7 Despite the effects of prenatal exposure to famine on 

cardiovascularr and respiratory disease in adult life, we have not been able to 

demonstratee any effects on survival up to age 50. 8 

Wee here assess whether exposure to famine affects how people perceive 

theirr own health. Perceived health is a strong predictor of future mortality 

independentt of medical, behavioural or psychosocial risk factors. 9 As such, it 

reflectss more than the sum of objective indicators of health. Rather, it reflects 

aa persons' integrated perception of health including biological, psychological 

andd social dimensions, and may therefore be more sensitive than objective 

measuress of health. We compared health as rated by the participant and the 

interviewingg research nurse, together with aspects of quality of life, among 

peoplee exposed to famine in utero and those not exposed. 

Methods s 

SelectionSelection procedures 

Alll  singletons born alive between 1 November 1943 and 28 February 1947 in 

thee Wilhelmina Gasthuis, a university hospital in Amsterdam, were candidates 
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too be included in the Dutch famine birth cohort (for detailed description of 

selectionn procedures see reference 2). We excluded babies whose main medical 

recordss were missing, and those with a gestational age at birth of less than 259 

days.. In all, 2414 babies were included. The 'Bevolkingsregister' of Amsterdam 

(populationn registry) traced 2155 (89%) of the 2414 included babies. Of the 

2599 who could not be traced, 130 were not registered in Amsterdam at birth 

andd 129 had moved from Amsterdam to an unknown place of residence. Of 

these,, 265 had died, 199 had emigrated from the Netherlands, and 164 did not 

alloww the population registry to give their address to us. We obtained the 

currentt addresses of 1527 people of whom 566 still lived in Amsterdam. We 

askedd 1018 people who lived in or close to Amsterdam to be interviewed, 912 

off  them agreed to be interviewed about their medical history and current 

health.. Of these 912, 741 attended the clinic to undergo more detailed 

examinations.. Mean birth weights among the 912 who were visited at home or 

thee 741 who attended the clinic did not differ from the rest of the 2414 babies 

(differencee adjusted for exposure to famine is 12 g (p = 0.5), and 22 g 

(pp = 0.3), respectively). 

ExposureExposure to famine 

Wee defined the famine period according to the daily official food rations for 

thee general population older than 21 years. Children younger than 1 year were 

relativelyy protected during the famine, because their official daily rations were 

alwayss higher than 1000 calories, and the nutrient components were always 

abovee the standards of the Oxford Nutrition Survey. 10 We considered people 

too have been exposed to famine if the average daily ration for people older 

thann 21 years of age during any thirteen-week period of gestation was less than 

10000 calories. Therefore, babies born between 7 January, 1945 and 

88 December, 1945 were exposed in utero. We defined periods of 16 weeks each 

too differentiate between those who were exposed in late gestation (born 

betweenn 7 January, 1945 and 28 April , 1945), in mid gestation (born between 

299 April , 1945 and 18 August, 1945), and in early gestation (born between 

199 August, 1945 and 8 December, 1945). 
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StudyStudy parameters 

Thee medical birth records provided information about the mother, the course 

off  pregnancy and the size of the baby at birth. Maternal weight gain in the 

thirdd trimester was calculated from the difference in weight at the beginning 

andd end of the third trimester divided by the duration of the time interval 

betweenn the 2 measurements and multiplied by the duration of the trimester 

(133 weeks). We calculated head circumference as n x (biparietal diameter + 

frontoo occipital diameter) /2. The ponderal index was calculated as birth 

weightt divided by the cube of length. The socio-economic status at birth was 

dichotomisedd into manual and non-manual labour according to the occupation 

off  the head of the family. u 

Alll  subjects were interviewed about their medical history, lifestyle and 

usee of medication. Perceived health was based on the answer of the participant 

too the question: How do you rate your health in general? (1 = excellent, 

22 = very good, 3 = good, 4 = fair, 5 = poor). We additionally used the 

COOP/WONCAA charts 12>13 to measure aspects of quality of life. The 

COOP/WONCAA charts cover several dimensions including physical fitness, 

feelings,, daily activities, social activities, and pain. Each chart covers one 

dimensionn with one question; the 5 possible responses per question are 

illustratedd by a drawing, depicting the corresponding level of functioning or 

well-being,, the highest level getting a value of 1 and the lowest a value of 5. 

Thee interviewing research nurse also rated the health of the participants 

(11 = good, 2 = intermediate, 3 = poor). At the clinic, blood pressure was 

measuredd H, a standard oral glucose tolerance test was performed 2, and a 

fastingg blood sample was taken to measure serum cholesterol concentrations. 4 

Also,, an ECG was made 6 and weight and height3 were recorded. Because the 

intervieww took place before the clinic visit, the interviewing research nurse was 

nott aware of any objective measures of health of the participant but she was 

nott blinded to exposure status and size at birth of the participant at the time 

shee rated the participant's health. Current socio-economic status was coded 

usingg ISEI-92 according to the occupation of the participants or their partners; 

whicheverr was highest. t5 Values ranged from 16 (low status) to 87. The 

prevalenceprevalence of coronary heart disease was determined on the basis of 

informationn provided by the participants whether a doctor had ever diagnosed 

aa myocardial infarction as well as the results of the Rose questionnaire, the 
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presencee of Q waves on the ECG, or a history of coronary angioplasty. The 

prevalencee of obstructive airways disease, cardiovascular risk factors 

(hypertension,, diabetes or hypercholesteroleamia) and cancer, however, was 

solelyy based on the participants information about doctors' diagnoses. 

StatisticalStatistical methods 

Wee used linear and logistic regression analyses to examine differences in 

perceivedd health, health rated by the interviewing research nurse and the 

dimensionss of quality of life (COOP/WONCA charts) between those exposed 

inn late, mid or early gestation and the unexposed. We dichotomised perceived 

healthh giving a value of 1 if the participant rated its health as poor and 0 for all 

otherr ratings (excellent, very good, good, fair). And we also dichotomised 

healthh rated by the interviewing research nurse (1 if poor, 0 if good or 

intermediate).. We always adjusted for sex. We additionally adjusted for socio-

economicc status (at birth and current), doctors' diagnosis of disease 

(myocardiall  infarction, obstructive airways disease, hypertension, diabetes, 

hypercholesterolaemia,, or cancer), the prevalence of coronary heart disease 

(definedd as Q waves on the ECG, a positive Rose questionnaire or a history of 

angioplasty),, and adult risk factors (BMI, LDL/HD L cholesterol ratio, 

smokingg and blood pressure). 

Results s 

DutchDutch famine birth cohort 

Off  the 912 people studied, 364 (40%) had been exposed to famine in utero 

(tablee 1). Men were underrepresented in the groups that were exposed to 

faminee during gestation. Weight at the last prenatal visit was lower in mothers 

exposedd to famine during late pregnancy (who gave birth during the famine) 

andd in mothers exposed during mid pregnancy (who conceived before the 

faminee and gave birth after the famine). Weight gain during the last trimester 

off  pregnancy was lower in mothers exposed to famine during late pregnancy, 

andd higher in those exposed in mid pregnancy and in those exposed in early 

pregnancyy (who conceived during the famine). Babies exposed to famine in 

134 4 



css cs cs o m 
*-^^  *-^  ON Th ON 
ONN ON [*- O r~-

Cs]]  Th Th Th  O o o 
© \\ Cv ON ON 

O O 
O, , 

p p 
c/5 5 

OO ^ T - 5 , 
"—'KII h~- W 

ONN m 
CSS CO 

0 0, , 

cO O 

Th h 

Tl -- CS 
CSS LO Th 

CS*. . 

CSS CO 00 CS 
oo N' o mm co es 

Ti --
CO O 
CO O 

^ 2 2 
»» u : u; cs o 
TJ-- so i n _ ; ^ 

ess es ™ ^ 

Th h 

^ j , cO O 
es' ' 

<3\<3\ T -
ÖÖ 00 

u u 
t- l l 
CU U 

u--
0 0 
OJO O 
c c 
s s o o 
0 0 4-> > 

Si 0 0 

>> Ui 
'533 ü 

0 0 
u u 

- ^^  o 

<uu  « 2 

£>8 8 
CMM " ^ 

1 ^ -- 1-1 
0OO Tf 

,SS u 

oo m r~ d 
ess co o Tt 

«« ^ i ^ ^ ^ 
CSS CO O U-) ?0 

CSS
-**  o co *o (iss m co cs 

T1-- *-  CO vO 
t f jj  m f l M 

C \\ Cv t / l 
CSS es"  U-) CS 

l N ii  ' j  CS 

T?? ^ ^ 

COO ^ Tl-

o o 
bC C 

o o £s s 
ONN Th 00 ' i _£ 
CSS cO \ 0 u-j  Th 

J öö 00 r- l CS 
c\jj  ON cs'  N© 
r oo Th co CS CSS CS O CS 

4-11 ^ 

(« « 

§§ "o 

33 w 00 U 
vv -t-l 

2 2 
nn G 
ÖÖ H 
t ll  ** 

if f 
i i aa 6 

JOO a 
rtrt NU 

HH U 

§s s 

CSS ^ 

-- o o - JS coo cs r- ö S 

o\\ r- o ^ x 
o ]]  «"J «^  co Ï S 

prr Th co o 
^ -- ON"  c s i n ' 
fTNN Th co cs 

<NN O ON O 
{TNN Ö CS*  SD 

>> m co cs 

c o m ^ c M c s o c s ' ^ ^ i n' ' 

css cs in' ^ 5J J2 Th' 

c c o o 
o o 

1 1 
-o o 



latee or mid gestation were lighter and shorter, and had smaller heads than 

thosee not exposed. 

Forty-sevenn people rated their health as poor, 13 had a poor health as 

ratedd by the interviewing research nurse, and 8 had poor ratings on both. 

Peoplee who were interviewed at home but did not come to the clinic more 

oftenn rated their health as poor (8.8% versus 4.7%, p = 0.03). People with 

lowerr socio-economic status more often rated their health as poor, though this 

wass stronger for socio-economic status at birth than current socio-economic 

status.. Also, people with a doctor's diagnosis of disease more often rated their 

healthh as poor (table 2). Adult risk factors such as plasma cholesterol and 

glucosee concentrations, BMI, and smoking were also linked with perceived 

healthh (table 2). 

ExposureExposure to famine 

Peoplee exposed to famine in early gestation, but not those exposed in mid or 

latee gestation, more often rated their health as poor (10.3% compared to 4.9% 

inn the unexposed, OR 2.2 (95% confidence interval 1.0 to 4.8), table 3). The 

effectt of exposure to famine in early gestation was similar in the group that 

camee to the clinic (OR 2.5 (95% confidence interval 1.0 to 6.2)). Adjustment 

forr socio-economic status at birth and in adult life did not alter this finding 

(adjustedd OR 2.3 (95% confidence interval 1.0 to 5.0)). The effect of exposure 

too famine in early gestation on perceived health could only partly be explained 

byy an increased prevalence of coronary heart disease, respiratory diseases, 

hypertension,, diabetes, hypercholesteroleamia or cancer (adjusted OR 2.2 

(95%% confidence interval 0.9 to 5.2)). Adjustment for adult risk factors (BMI, 

LDL/HD LL cholesterol ratio, blood pressure, smoking) also attenuated the 

resultss to some extent (adjusted OR 2.0 (95% confidence interval 0.7 to 5.7)). 

Inn keeping with the poorer perceived health of those exposed to famine 

inn early gestation, the interviewing research nurses more often rated the health 

off  people exposed to famine in early gestation as poor (2.8%) versus 0.6%, OR 

6.99 (95% confidence interval 1.4 to 35.1)). Those exposed to famine in early 

gestationn experienced significandy more pain (table 3). Although far from 

statisticallyy significant, they also had higher scores on the majority of other 

dimensionss of the COOP/WONCA charts. 
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Si%eSi%e of baby and mother at birth 

Thee size of the baby at birth was not associated with perceived health 

(pp always larger than 0.2). Children of mothers who had been light at the end 

off  pregnancy (within two weeks of delivery) more often rated their health as 

poorr (6.7% among those whose mother were in the lowest fourth of weight 

versuss 1.4% among those whose mothers were in the highest fourth of weight 

att the end of pregnancy, OR 3.7 (95% confidence interval 1.0 to 13.5), p for 

linearr trend = 0.04). But, maternal weight gain was not linked with perceived 

healthh (p = 0.4). After adjustment for maternal weight, the effect of exposure 

too famine during early gestation was not attenuated (adjusted OR 3.0 

(95%% confidence interval 1.1 to 8.5)). After additional adjustment for maternal 

age,, parity and socio-economic status this figure was 2.5 (95% confidence 

intervall  1.1 to 5.6). 

Tablee 2. Percentage of people with coronary heart disease or current smokers, 

andd mean BMI , systolic blood pressure, 2hr plasma glucose concentrations, 

L D L / H D LL cholesterol concentrations index according to perceived health 

(numberss of persons in parentheses). 

smokers s 
(%) ) 

26.3 3 
28.0 0 
37.5 5 
43.1 1 
56.0 0 

GeneralGeneral health 
excellentt (95) 
veryy good (100) 
goodd (493) 
fairr (174) 
poorr (50) 

pp for linear trend <0.001 <0.001 0.71 

BMI I 
(kg/m2) ) 

26.2 2 
26.3 3 
26.7 7 
27.6 6 
28.4 4 

SBP P 
(mmHg) ) 

126.1 1 
122.5 5 
125.5 5 
125.8 8 
130.1 1 

2hr r 
glucose e 

(mmol/1) ) 

5.6 6 
5.7 7 
6.0 0 
6.1 1 
7.1 1 

<0.001 1 

LDL / / 
HDL L 

CHD D 
(%) ) 

1.3 3 
2.5 5 
2.5 5 
3.5 5 
17.6 6 

0.022 <0.01 

2.7 7 
2.7 7 
2.9 9 
3.0 0 
3.3 3 

GeneralGeneral health 
excellentt (95) 
veryy good (100) 
goodd (493) 
fairr (174) 
poorr (50) 

pp for linear trend 

airwayss disease (%) 

6.3 3 
18.0 0 
16.2 2 
25.3 3 
34.0 0 

<0.001 1 

doctorss diagnosis 
MII  (%) 

1.0 0 
0 0 

2.4 4 
3.4 4 
4.0 0 
0.05 5 

CHDD risk fact 

28.4 4 
29.0 0 
38.5 5 
56.9 9 
56.0 0 

<0.001 1 
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Discussion n 

Menn and women who had been exposed to famine in early gestation more 

oftenn rated their health as poor. Their poorer perceived health could only 

partlyy be explained by differences in the prevalence of existing coronary heart 

disease,, obstructive airways disease, hypertension, diabetes, hyper-

cholesterolaemiaa or cancer. Those exposed to famine in early gestation not 

onlyy have a higher prevalence of coronary heart disease and its risk factors but 

alsoo feel less healthy. 

Selectionn processes might have led to a spurious association between 

exposuree to famine in early gestation and poor health in later life. In addition, 

otherr factors may have biased the effects of exposure to famine in early 

gestation.. One possibility is selective fertility, because people who were 

exposedd to famine in early gestation were conceived during a period in which 

fertilityy was markedly reduced; 50% of women of reproductive age suffered 

fromm amenorrhea at that time. n However, adjustment for maternal 

characteristicss which may be proxies for determinants of fertility (maternal 

age,, parity, weight and socio-economic status) did not alter the results. A 

secondd possibility is selective survival. This seems an unlikely explanation 

becausee mortality among those exposed in early gestation did not differ from 

thatt among those conceived after the famine 8, whereas our current results 

showw that the percentage of people who rated their health as poor in those 

conceivedd during the famine was twice as high compared to those conceived 

afterr the famine. 

Peoplee who were interviewed at home but did not come to the clinic 

moree often rated their health as poor. This did not introduce bias, however, 

becausee we found that the effect of exposure to famine in early gestation was 

similarr in the group that was interviewed and the group that came to the clinic. 

Inn addition, confounding by socio-economic status seems an unlikely 

explanationn for our results as adjustment for socio-economic status at birth as 

welll  as at adult age did not alter the results. 

Ourr finding that those exposed to famine in early gestation more often 

ratedd their health as poor might be due to an increased awareness of the 

possiblee adverse effects of exposure to famine during early life among these 

people.. We consider it more likely, however, that people who were born 

beforebefore or during the famine (those exposed in late gestation) would have an 

increasedd awareness of potential harmful effects of the famine rather than 
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thosee who were conceived during the famine and born after it (those exposed 

inn early gestation), especially since the famine ended abrupdy and food was 

readilyy available soon after the famine. Moreover, the interviewing research 

nursee also more often rated the health of these people as poor, which makes 

increasedd awareness an unlikely explanation for our findings. 

Peoplee exposed to famine in early gestation were not small at birth and 

thee effect of exposure to famine in early gestation on perceived health was 

independentt of the size of the baby at birth, which suggests that exposure to 

starvationn during gestation can have permanent effects on health without 

affectingg the size of the baby at birth. This is in agreement with our finding 

thatt exposure to famine in early gestation affected the levels of several 

cardiovascularr risk factors independent of size at birth 4, and our finding that, 

irrespectivee of size at birth, exposure to famine during late or mid gestation 

permanentlyy impaired glucose tolerance. 2 This suggests that adaptations that 

enablee the undernourished fetus to sustain growth can nevertheless have 

adversee long-term consequences. 

Wee have found that exposure to famine in early gestation led to an 

increasedd prevalence of coronary heart disease 6 and its risk factors 3-4 and -

largelyy independent of this — also to a worse perception of health. Perceived 

healthh is a subjective measure, and as such it reflects important information 

beyondd quantifiable measures of health. It represents complex human 

judgementss about the full array of diseases and symptoms a person has and 

probablyy even symptoms as yet undiagnosed but present in prodromal stages. 

Moreover,, it is a dynamic evaluation, judging trajectory and not only current 

levell  of health. Many studies have shown that perceived health is a robust 

predictorr of subsequent mortality, those reporting poorer health having a 

higherr mortality than those reporting better health. 9 Objective measures of 

healthh and psychosocial factors reduce, but do not eliminate, this strong link 

betweenn perceived health and mortality. Despite effects of exposure to famine 

inn early gestation on health in later life, we have not been able to demonstrate 

anyy effects on mortality up to age 50. Our current findings suggest that we 

mightt expect increased mortality in the people who were conceived during the 

faminee in the future. 
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